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Abstract 
Strategic decisions about reverse logistics (RL) are complicated by the uncertainty of product returns.  To 
aid firms in deciding whether to outsource RL activities, a characterization of RL networks according to 
two critical factors is proposed. These factors are the length of the product life cycle, which affects 
variability of expected returns over time, and the uncertainty of the rate of returns in each time period. 
Even if changes in the average return rate according to the life cycle are well understood, the variability 
in returns relative to the known average differs significantly depending on the product characteristics, as 
well as the length of each stage in its life cycle. Some of the most important RL networks in the U.S. 
market are classified in the proposed categories. Finally, as a first step in outsourcing decisions, several 
Third Party Reverse Logistics Providers that actually offer their services in some of the proposed 
categories are described. 
 
Introduction 
There are many reasons why products are returned, either by consumers or by the companies involved in 
the distribution chain. Retailers may return products because of damage in transit, expired date code, the 
model being discontinued or replaced, seasonality, excessive retailer inventories, retailer going out of 
business, etc. On the other hand, consumers can return products for such reasons as quality problems, 
failure to meet the consumer’s needs, for remanufacturing, or for proper disposal. 
 
Also, once products have reached the end of their useful life, they may be able to be remanufactured, 
refurbished or repaired; thus extending their life. These options can provide significant benefits in some 
instances, especially for products that have modular components (e.g. electronic equipment, computers) 
that can be replaced, upgraded and/or refurbished. The value of items that are remanufactured will 
typically be less than the same items produced for the first time. However, their value will be 
substantially higher than items being sold for scrap, salvage or recycling (Stock, 1998). 
 
The importance of reverse logistics (RL) has increased in the recent years. Currently, estimates of annual 
sales of remanufactured products exceed $50 billion in the United States alone (Guide and van 
Wassenhove, 2003a). There are no worldwide estimates of the economic scope of reuse activities, but the 
number of firms engaged in this sector is growing rapidly in response to the opportunities to create 
additional wealth, and in response to the growth in extended producer responsibility legislation in several 
countries. Unfortunately, even with this significant development for the RL market in recent years, not 
enough analytical models currently exist which assist in RL strategic decisions. 
 
The RL systems classification proposed in this document is an attempt to develop particular decision-
making tools according to the characteristics of the RL network under analysis. The planning, executing, 
controlling and optimizing activities performed in a RL system, or the decision to outsource these 
activities to a third party, will largely depend on the type of network that the firm is dealing with. For this 
reason it is relevant to structure and classify the existing RL systems in the US market, as well as 
worldwide.  
 
By identifying the particular characteristics that define each RL network, appropriate management tools 
and strategies can be developed. The purpose of this research is to present a categorization that allows RL 
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strategic decision-makers to identify the main differences between RL systems according to two relevant 
factors; to classify the previous research work developed in this field according to such categorization; 
and, as a first step in outsourcing decisions, to recognize if there are currently third party reverse logistics 
providers who provide services in each category. 
 
Tibben-Lembke (2002) makes a clear explanation of the importance of considering the product life cycle 
to analyze RL systems, which is one of the factors considered in this categorization. This author explains 
the different behaviors that can be expected for the amount of returns, according to the length of the life 
cycle, depending on the type of product that the company is dealing with. However, he does not describe 
the expected length and behavior for the life cycle of particular products managed through specific RL 
systems. Thus, our research includes the life cycle as one of the two factors proposed to make this 
categorization. 
 
On the other hand, Guide and van Wassenhove (2003a) state some relevant business aspects for several 
RL systems, describing the most important variables for them. But they do not state clearly the 
characteristics of the life cycle for the products managed on any RL system, which (as stated by Tibben-
Lembke, 2002), is a critical issue to consider when analyzing any RL network. This is precisely one of the 
objectives of this research: to propose a RL systems categorization, based on this variable, as well as on 
the variability on the amount of returns. As it will be shown, by considering at least these two factors 
(which were not considered by these authors), any RL system can be clearly identified and classified, in 
order to determine the type of tools needed for its decision-making process. 
 
Thus, the purpose of this paper is to present a new categorization of RL systems. The most important 
benefit of this categorization is that, by considering the life cycle and the variability on the amount of 
returns, the most important characteristics of any RL system can be stated. Even more, particular 
decision-tools can be developed according to such characteristics. 
 
Given also the fact that RL functions are often considered as non-core operations for most organizations, 
they are not always willing to perform them by themselves. These activities would just represent a 
“distraction” of the firm’s attention away from its core activities. Even more, as the basic economic 
justification for any form of outsourcing is the economy of scale associated with specialization 
(Daugherty and Drögue, 1997), this strategy is significantly relevant in RL programs. Then, a complete 
analysis of the partnerships or alliances in RL systems is necessary to achieve optimal results, and 
multiple organizations might be involved in the RL functions. 
 
Therefore, one of such critical strategies in RL systems can be identified as whether or not to outsource 
these activities to a Third-Party Reverse Logistics Provider (3PRLP). Brito, Flapper and Dekker (2002) 
show some of the critical success factors in RL, while Razzaque and Sheng (1998) develop a 
comprehensive literature in outsourcing logistics functions. On the other hand, Rabinovich, Windle, 
Dresner and Corsi (1999) make an examination of the current industry practices for outsourcing 
integrated logistics functions. But even extensive research has been performed in relation to outsourcing 
logistics functions, not enough research has been made on the specific case of outsourcing RL activities. 
Furthermore, once the decision to outsource a defined set of RL functions has been taken, the selection of 
a 3PRLP is a critical issue to consider too. We mention the existing 3PRLPs for some of the scenarios to 
be described, which allows us to identify not only the actors involved in the RL network but also the 
complexity of that chain. 
 
This paper is structured in the following order. First of all, the general characteristics of RL networks are 
described. After this, the factors considered for the proposed categorization are justified and clearly 
explained. The proposed categorization is described in the next section, and some of the most important 
3PRLPs for some of the defined categories are identified later. Finally, the conclusions and references are 
shown. 
 
General characteristics of RL networks 
RL networks have several characteristics that differentiate them from the typical supply chain.  First, RL 
networks encompass several supply chain stages. In this sense, RL fits well in the mindset of supply chain 
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Roughly speaking, forward networks correspond to distribution networks encompassing supply, 
production and distribution stages (see Figure 1, taken from Fleischmann, 2001). The major differences 
between both contexts appear at the supply side. In traditional production-distribution systems, supply is 
typically an endogenous variable in the sense that timing, quantity and quality of delivered input can be 
controlled according to the system’s needs. In contrast, supply is largely exogenously determined in RL 
chains and may be difficult to forecast. Hence, supply uncertainty is a major distinguishing factor 




Figure 1. The RL chain (Fleischmann, 2001) 
 
In a typical forward chain, the demand for the good is uncertain, but the supply is not unknown (to a 
certain extent) and can be considered as a decision variable. As Kouvelis (2001) states, this demand and 
supply uncertainty leads to alternate conclusions regarding the degree of outsourcing in both networks: 
usually, greater supply uncertainty increases the need for vertical integration in forward chains while 
greater demand uncertainty increases the reliance on outsourcing. However, this conclusion will always 
depend on the specific characteristics of the network that is being analyzed. 
 
Forward networks typically do not include an “inspection” stage similar to RL networks. Destinations of 
goods flows are, in general, known beforehand with more certainty as compared to the quality dependent 
processing routes in RL chains. While there may be some particular exceptions, this is not the major focus 
of traditional forward networks. Therefore, network structures may be more complex in RL, including 
more interdependencies. Another element that may lend RL networks a higher complexity is the potential 
interaction between collection and redistribution, e.g., combined transportation in closed-loop networks. 
However, this network complexity depends on the specific recovery process and may vary considerably. 
 
Another fundamental difference between forward and RL networks is identified in the number of sources, 
which tends to be fairly large in RL as compared to the number of supply points in a traditional setting. 
Bringing together a high number of low volume flows therefore appears to be characteristic of RL 
networks in particular. 
 
However, both networks can also be analyzed together. As Guide and van Wassenhove (2003a) state, 
closed-loop supply chains (which are composed of the typical forward-supply network and the RL 
network) can be viewed as a business proposition where profit maximization is the objective. The 
characteristics of such maximization will depend on the forward supply chain characteristics, as well as 











Known variable (to a 
certain degree) 
Flow of goods in “forward” chain
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Factors considered for the RL networks categorization 
The RL networks categorization in this paper is based on two factors that determine the structure and 
characteristics of every RL system. These factors are the length of the product’s life cycle and the 
variability in the rate of returns in any particular period. The reasons to consider these elements will be 
explained in this section, and the next two sections of this document will describe each one of them 
clearly. 
 
The length of the product life cycle varies across products and industries (Rogers and Tibben-Lembke, 
1999). Since it is not easy to identify where a real product is in the life cycle once it moves past the 
introductory and growth stages, every firm must look for demand turning points. These can be seen if the 
company understands past history and the marketplace, and will allow the firm to understand the expected 
behavior for the volume of units returned through its RL system. 
 
One of the most important difficulties for every firm, when analyzing the life cycle of its products, is to 
admit that it is at the end of its life cycle. However, if this challenge is faced adequately, product life 
cycle analysis can become a critical piece for an adequate RL system management. As it will be 
explained in the next section, the stage where a product is located in its life cycle is significantly related 
to the amount of units returned through its RL network. 
 
Competitive environments have caused the product life cycle for many consumer goods to continually 
shrink (Guide and van Wassenhove, 2003a). As an example, many consumer electronics, such as mobile 
telephones, have less than six months between new model introductions. Products such as these that have 
a very short shelf-life and that can be restocked without furthering handling may best be returned to the 
originating distribution center (Gooley, 2003). One example is catalogue sales, where items that come 
back unopened can almost immediately be returned to inventory and become available for sale. This 
situation significantly facilitates the RL management. However, this is not the case for all types of 
products. 
 
The management of the product returns process in a timely and effective manner in the case of short life 
cycle goods presents enormous difficulties compared to products whose life cycle length is longer. But it 
is relevant to look not only at the length of the product’s life cycle, which affects the expected amount of 
returns in each period, but also at the variability around the expected value during each period in the 
cycle. Characterizing products according to average amounts of returns is not sufficient since the variance 
of return volumes will also affect the structure and configuration of the RL system developed to deal with 
them.  
 
Product life cycle and the RL network 
Not all products are fortunate enough to have periods of significant growth and stability. Many products 
either fail to have any significant sales, or have short sales lives. If the product has a very short life, the 
retailers may return large volumes of unsold product to the manufacturer. 
 
A typical example for this type of behavior is the computer market. In this sector, the introduction of new 
components accelerates the demise of computer models previously introduced, as the manufacturer must 
introduce new models (just as its competitors are doing) that will reduce the sales of the existing models 
(Tibben-Lembke, 2002). 
 
In order to understand the RL flow behavior, it is relevant to look at the product’s life cycle. Tibben-
Lembke (2002) identifies six phases that are defined during the life cycle of any product: development, 
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Figure 2: Stages of product life cycle. 
 
The amounts of units returned during each one of these stages differ significantly (Tibben-Lembke, 
2002 e major issues that define the volume of the units returned through the RL system for a product 
mo uch as a specific model number of a particular product) during these six phases are: 
 
Development phase. 
When a new model of an existing product is being developed, few challenges are to be expected in e 
development phase. Because the new product has minor changes compared with the old, clients that buy 
the pro likely t terested in the r  product, and the RL es and es 
for dealing with the old product are likely to work satisfactorily with
liar with the 
roduct, and be able to estimate the demand in the secondary market. Lee and Whang (2002) describe 
the secondary market on the entire supply chain. 
n also means demand 
r the new model would be expected to be very similar to demand for the previous model. In the case of 
pular product, sales may be high from the beginning or start small and grow quickly, 
creasing sales of a new model are unlikely to lead to production difficulties. During this phase, returns 
s sales for the model reach its maturity stage, the amount of returns will also be expected to reach a 
 Given a relatively constant amount of units sold per period, the volume of returns will 
ase. 
 forward distribution, during this phase, the company is trying to determine how long it can continue to 
profitably before it needs to terminate it. In RL, the company does not directly decide 
market also is likely to fall. However, if the model 
les are declining because a newer, similar model has been introduced, secondary market firms will be 





 current duct are o be in evised  polici procedur
 the new. 
 
Introduction phase. 
Early in the introduction stage, the firm can begin making plans for dealing with the products which 
eventually be returned. As with a new form of an established product, clients will be fami
p
clearly the impact of 
 
During the introduction stage, the company must also begin dealing with the flow of returned product. 
Because (in most cases) a new model is a minor modification of the existing product, production 
difficulties in adapting to the new model should be minimal. The minor modificatio
fo
a new model of a po
as customer demand for an established, known product is transferred to the new product. In these cases, 




volume will substantially increase, as sales increase, although the rate of returns (as a function of the sales 
volume) may be unchanged. However, as more customers are attracted to the product, these new 
customers may be less knowledgeable about the product, and the rate of “non-defective defectives” may 






also be expected to reach such stability. However, it is important to note that the volume of returns in a 
particular period is related not with the volume of sales in the same period, but with the historical sales in 
the previous ones.  Though the firm might reach this stability in its sales volume, the variability in the rate 




sell the product 
when to stop accepting returns. Rather, the last date for allowing returns of a product will depend on the 
company’s returns policy and the date of the last sale of the product. If, for example, customers can only 
return a product for 90 days after the last sale, then returns may come to the retailer as long as 90 days 
after the last sale. 
 
As sales of the product fall, its price on the secondary 
sa
very interested i
retailers will be eager to be able to sell a model that is not very different from the newest models. 
 
Cancellation phase. 
When a product reaches the end of its life, the volume of customer returns will continue to decrease 
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Despite the fact that sales of this model are falling, sales of similar, but newer models will unlikely 
continue to be strong. Therefore, the secondary market demand for the product will remain strong. This 
implies that the secondary market demand for the product will remain strong. Some other firms might be 
interested in buying up all remaining product at the end of the product’s life, although vendor restrictions 
bout product placement will remain high. 
 product over time. However, the characteristics of such returns will also depend on 
e length of the life cycle (not all products or industrial sectors have similar length for its product’s life 
cover the different amounts of variation faced for different 
roducts, particular return rates need to be considered. For example, commercial returns from retail and 
ncern in Western Europe. In 2001, 
 volumes for each life cycle stage, the 
ariability about that average can be significantly different. Higher variability complicates the 
s. Figure 4 shows graphically this behavior. 
xpected amount of returns (equal for both products). 
dence interval for the amount of returns for a product with low variability. 
dence interval for the amount of returns for a product with high variability. 
Figure 4. Confidence intervals for products with similar expected 
 amount of returns and different variability. 
 
A significant return volume is needed to justify the considerable costs of establishing a te RL 
system cludi the exp  of a building, mate s handling systems, i rmation system and a large 
workforce. Thi s true even when you outsource returns management o a 3PRLP. However, the 
variability in these returns is also a significa ider when making strategic decisions in any 
we will assume that it 
is constant and categorize it as low, med
 




Conclusions about the impact of the product life cycle on the RL flow. 
As it was explained in this section, the product life cycle strongly determines the expected amount of 
returns for a particular
th
cycles), as well as the particular characteristics of that product. 
 
Variability in the rate of returns 
The variability in supply is much greater in RL channels due to the many uncertainties associated with 
product and material life return rates. To 
p
Internet-based sales are a concern in North America and a growing co
the cost of returns for Internet sales was averaging twice the value of the product (Guide and van 
Wassenhove, 2003b). 
 
Though different products may have equal (average) return
v
management process for these return
 
Time 
Stages in life cycle 



















nt factor to cons
RL system.  
 
Though the variability under analysis may change over the life cycle, for simplicity 
ium or high throughout the product’s life. 
P
Having defined the two factors for the proposed categorization, we describe some scenarios according to 
those factors. 
 
Jet Engines, Airframes and Railroad Locomotive Engines. 
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These types of products are the first ones to be described, because their corresponding RL systems are the 
 network is relatively 
mple. 
 small lots of returned goods over long distances to and from a centralized facility can be 
xpensive. Typically, the life cycle for these types of products is significantly long, because their 
n short periods of time. On the other hand, the 
f these products have a relatively long life cycle, and the variability in their volume of returns is 
w. 
r to the characteristics of the RL systems for airframes, jet engines and railroad locomotive engines, 
e life cycle for this sector is considered to be long. Though the steel industry technology has changed in 
aterials managed through these return channels is still considered to 
ese efforts only affect the average amount of units managed, which is expected to decrease 
rough time. The effort in minimizing this volume of scrap is related to the high transportation and 
s waste RL systems are helpful for solving waste-induced environmental pollution problems 
at accompany high-technology industrial development (Hu, Sheu and Huang, 2002). Given the 
ime-varying demands can be measured readily from order entries of 
e waste-treatment company. 
 a long-
nge basis, which causes the amount of hazardous wastes to be fairly stable. Then, the cycle length for 
 mention that, as Stock (1998) states, “the best way to reduce waste is not 
 create it”. This principle is the main cause of the efforts in this type of RL to reduce the volumes 
umer health and safety, these firms must segregate return goods 
 prevent them from mingling with or contaminating new merchandise (Gooley, 2003). Using separate 
easiest to structure and manage. Even though all of these products have a complex nature and physical 
size that makes testing and remanufacturing operations very difficult, their RL
si
 
It is important to state that the volume of these products has a significant impact on transportation costs. 
Shipping many
e
corresponding markets do not really demand new models i
volumes and variability in the rate of return for these products are often very low, with each product being 
an essentially new project to plan. For example, the US Navy required over three years to completely 




Ferrous Scrap in the Steel Industry. 
The RL systems developed for the steel industry represent a significant volume considering the 
characteristics of this industrial sector. An estimated of 50 million tons of ferrous scrap is managed each 
year in North America through these RL networks (Johnson, 1998). The ferrous scrap recycling system 





the last years, the life cycle for the m
be long. 
 
Several efforts have been performed to minimize the amount of scrap generated, but these efforts do not 
directly affect the variability on the ferrous scrap volumes put into these channels, which are considered 
to be low. Th
th





particular characteristics of the products managed in this type of RL networks, it is difficult to coordinate 
all the activities involved in them (collection, storage, distribution, transportation, disposal, etc). 
 
As the model proposed by Hu, Sheu and Huang (2002) shows, it makes sense to consider the variability 
as relatively low. In practice, these t
th
 
Also, given that the product life cycle on this particular sector will largely depend on the type of 
technology used by the company (which generates the wastes to be managed), its length is considered to 
be relatively long, because every investment in new technology typically represents a significant amount 
of money and resources for a firm. This causes most companies to acquire new technology on
ra
this RL network is defined as medium. 
 
However, it is also important to
to
managed through these systems. 
 
Pharmaceuticals. 
As stated in the previous sectors, the specific needs of the industry to which the company belongs also 
influences the choice of the configuration for the RL system, as well as the convenient facilities. Because 
the pharmaceutical industries affect cons
to
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returns processing centers guarantees segregation. It also facilitates physical handling procedures and 
records keeping that are required by federal regulations in certain industries. 
 
The average life cycle length for these products is considered to be medium. Even new products are put 
a consequence of the medical advances and research in this field, existing products stay 
ch helps them in forecasting 
les. Also, returns because of lapsed products or defective factors are relatively medium. 
roduct acquisition was done directly from the consumer, e.g., milk bottles, or at resellers (soft 
rink bottles) who participated in a deposit system to encourage returns. While bottle refilling is not 
iven the actual conditions in the markets where container remanufacturing is still practiced, it can be 
ife cycle for these items is long, because (as a consequence of the market demand for 
 be stable for this sector, which implies that the variability in such amount of returns is 
onsidered to be medium.  As Guide and van Wassenhove (2003a) note, toner cartridge recycling and 
cturing has enjoyed periods of popularity during times of economic crisis or during 
artimes when rationing has been in effect. The European Union recently passed legislation requiring 
reading has some elements in common with industrial remanufacturing (Guide 
s medium. The models developed stay in the market for a certain amount of 
me, and the variability for the returns is also considered to be medium. This variability is a consequence 
 dispose the item, is one of the most important 
ecisions to be made in retail RL. Although case studies have been written in the end-of-product-life 
Choosing the right disposition option can mean a revenue increase of a number of percentage points, and 
into the market as 
in the market for a considerable time period. But on the other hand, most of these products have a date of 
lapsing, which causes some returns that (by government regulations) must be managed adequately by 
every firm. 
 
The variability in the volumes in the pharmaceutical industry is relatively low, because firms know (to a 




Historically, container remanufacturing may be one of the oldest forms of product reuse (Guide and van 
Wassenhove, 2003a). In the past, drink bottles were regularly refilled after being acquired from the 
consumer. P
d




observed that the l
bottle refilling), there have not been significant changes that might cause the incorporation of different 
drink bottles. 
 
Given the fact that all of the products consumed in this sector generate an item to be managed through the 
RL system, the amount of units returned is highly related with the sales volume. This volume is 
considered to
c





extended producer responsibility for tire manufacturers. In order to comply with this new legislation, tire 
manufacturers will have to arrange for economic end-of-life disposition for all their products. On the 
other hand, tires retreaded for commercial trucking applications have a ready market since tires are often 
one of the largest expenses for trucking fleet owners. The lower cost of remanufactured tires makes them 
attractive for fleet managers. 
 
The RL chain for tire ret
and van Wassenhove, 2003a). However, the volume of tires in use is enormous. Additionally, tires are 
bulky and expensive to transport, and the residual value remaining may be low, especially when 
compared to the cost of new replacements. Tire remanufacturing is rarely profitable for passenger tires, 
but financially attractive for commercial tires. 
 
These characteristics for the tire retreading market, as well as the introduction of new models, classify the 
life cycle for these products a
ti
of tire sales, as well as the average use of such tires, which is (to a certain extent) adequately estimated by 
the manufacturers of these products. 
 
Retailers. 
Where to send an item that has been returned, or how to
d
decision making, there is still a significant opportunity area for RL systems in this sector. 
 
A returned product that cannot be sold as new will typically be sold for a fraction of its original cost. 
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can make a significant impact on the corporate bottom line. For example, by improving disposition 
decision making, some large retailers have realized savings of as much as $6 million per $1 billion in 
tail sales (Jedd, 2000). 
ery high, a reduction in both the number of returns and the cost of those returns has been desirable, but 
 the cost of the initial shipment due to unpredictability of return volume and 
equency. 
oint for manufacturers by drastically cutting the costs of handling product 
n their amount of returns is considered high, due to the changing amounts of product returns 
gistered for this sector. 
g of new markets, churn (customers leaving present 
irtime providers), and the number of new cellular telephones manufactured. Additionally, there is no 
so, cellular airtime providers may limit the number of telephones supported by 
eir system, and the dropping of a phone model by a major carrier can greatly affect a local market. 
ue to the changing characteristics of the models and handsets constantly put into the market, the life 
e of a computer or an electronic is extremely 
ort when compared to other consumer durable goods. As these authors also state, returns in this 
re
 
A clear example of this situation can be seen in J.C. Penney’s multi-channel return system (J.C. Penney, 
2003). By being a catalog and direct retailer, J.C. Penney deals with very high return rates of more than 
35%, the mean being 25%. Because return rates for many of the catalog retailers have traditionally been 
v
not accomplished to date. 
 
In this context, insufficient attention paid to the RL problem can lead to significant financial problems for 
retailers. For firms that have not optimized the returns process, the cost of returning products can be as 
much as 70% higher than
fr
 
On the flip side, the growing wave of product returns is creating a boom for online auction, liquidation, 
and disposition companies like Overstock.com, eBay, Amazon.com, and others. These firms receive a 
commission for selling other parties’ inventory on their Web sites. The business goal for these firms is to 
olve a significant pain ps
returns, damaged products, and overstock mistakes. 
 
Considering the characteristics of the products managed in these RL networks, the average life cycle for 




Cellular telephone reuse. 
The cellular communications industry is a highly dynamic market where the demand for telephones 
changes daily. Demand may be influenced by the introduction of new technology, price changes in 
cellular airtime, promotional campaigns, the openin
a
worldwide standard technology, and this necessitates dealing in a number of often disparate technologies 
and standards. These global technology differences make regional remanufacturing activities difficult 
since there may be no local market for certain types/models of phones, requiring a firm to manage global 
sales and procurement. Al
th
 
A clear example for this sector is ReCellular, Inc. (Guide and van Wassenhove 2003a). This firm 
refurbishes cellular phones when necessary to add value for existing orders, and buys and sells wireless 
handsets of all technologies. The company offers remanufactured (refurbished) products as a high quality, 
cost effective alternative to new cellular handsets. Customer services include: grading and sorting, 
remanufacturing, repackaging, logistics, and trading and product outsourcing (all services are specific to 
cellular handsets and accessories). ReCellular operates globally with a presence in South America, the Far 
East, Western Europe, Africa, the Middle East and North America. The company has also plans to expand 
operations to provide better coverage throughout the world. 
 
D
cycle for this type of products is significantly short. In the same vein, due to the high number of models 
and companies into this market, as well as the changing conditions in the service offered to the users, the 
variability in the amount of returns is considered as high. 
 
Electronics and Computers. 
As Rogers and Tibben-Lembke (1999) note: “we are in an industry with 60-day product life cycles and 
90-day warranties”. In the actual market conditions for the electronics and computers market, customers 
currently bring products back at a high extent. The life cycl
sh
industrial sector can lower profits by as much as 25 percent, which makes RL a serious business. 
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The electronics and computers RL systems may hold one of the most important promises due to the 
volume of product available to reuse. But at the same time, these types of RL networks represent some of 
e greatest challenges due to its complexity in time and variability in the rate of return. 
progress 
nd the rate of technology diffusion. There are also multiple options for reuse since products may be sold 
hen, it is clear that the electronics and computers sector manage the products with shorter life cycles, 
 Return Rate Variability   
th
 
Product acquisition is very difficult. These types of products are used globally, but the rate of technical 
diffusion is different in various geographic areas. This requires that a successful operation will have 
worldwide collection and distribution markets, and these markets will not be in the same geographic 
areas. Supply and demand rates and prices are extremely volatile. The products are also perishable items 
since the value of a remanufactured item may drop daily because of the rapid rate of technology 
a




and (as a consequence of the changing conditions in these markets) the variability in the amount of 
returns is extremely high. 
 
RL networks categorization. 
Once the previous scenarios have been defined, the categorization matrix shown in Table 1 can be 
constructed according to this analysis. 
    


















Scenario 5: Scenario 6 : 














Table 1. Scenario Matrix 
 
 identified in Table 1, three  have been defi  and 
duct life cycles, and a low, mely high  the amoun his 
ategorization implies nine possible e seven of th ve been identified for the most 
tant RL networks currently in exi
This categorization allows us to identify the causes for different management practices in each scenario. 
The relationship between the life cycle length and the variability in the amount of return o a 
great extent, the RL network configuration, stages and parties involved. 
 
According to this categorization, some research works performed in each scenario are identified in Table
As it can be
ong pro
 scategorie ned for each factor: short, 
var ty in
medium














Scenario Products Authors 
1 Jet engines, airframes and railroad 
locomotive engines. 
Guide and Wassenhove (2003a) 
 Ferrous Scrap Johnson (1998) 
2 Hazardous wastes Hu, Sheu and Huang (2002) 
Stock (1998) 
3 Pharmaceuticals Gooley (2003) 
Teunter, et. al. (2000) 
4 Container remanufacturing. Guide and Wassenhove (2003a) 
Goh and Varaprasad (1986) 
Kelle and Silver (1989) 
5 Tires Rogers and Tibben-  Lembke (1999)
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Guide and Wassenhove (2003a) 
 idge Guide and Wassenhove (2003a) 
99) 
99) 
Copy and Print Cartr
Krikke, et. al. (19
Rogers and Tibben-Lemke (19
Xerox (1999) 














7 Cellular telephones ssenhove (2003a) Guide and Wa




al and Gupta (1998) 
Autry, Daugherty 




Table 2. s performed on each scenario. 
 
Even though there are several challenges in the management plexity for 
this process is higher in some of them, due to the short leng  the firm to 
take fast ut at the s decisions, as well as  the rate of 
return, w  increas e volume of L system. 
Table 3 mmarizes L managemen  for 
each scenario. 
 
Scenario: Products identi of its 
Research work
process for each scenario, the com
th of the life cycle, which forces
, b
ich
ame time adequate a considerably high variability in
h
su
es the uncertainty about th
 the complexity for the R
units put into the correspondent R
t process and strategic decision-making
fied: Complexity 
management process: 
1 Jet engines, Airframes & Relatively Low 
Railroad Locomotive engines 
Ferrous Scrap in Steel Industry 
2 Hazardous Wastes Relatively Low 
3 Pharmaceuticals Medium 





6 Retailers Relatively High 
7 Cellular Telephone Reuse. 
Electronics & Computers 
Extremely High 
Table 3: Complexity o aking process for each scenario. 
 
Existing Third-P  Reverse Logistics Prov  each category. 
When considering outsourcing decisions r to consid re is a 
viable 3PRLP for the type of RL network required.  Below we identify the existing 3PRLP in each one of 
the scenarios described above. 
 
Outsourcing to a 3PRLP has been identified as on st important manag or RL 
networks in the recent years. In this vein, tate three di at can 
be made with respect to the development o nothing, develop an internal RL 
function, or find 
r RL entry by 3PRLP, which helps those companies who would like to pursue RL as a new market. 
LP. However, this 
ven though there are several 3PRLPs in some of the scenarios described, one of the most important 
issues in RL systems is that some of them (that are currently desiring to enter the RL service market) are 
f the management and decision-m
arty iders (3PRLP) for
for RL, the fundamental facto er is whether the
e of the mo ement strategies f
 Meade and Sarkis (2002) s fferent choices th
 of any RL function: to d
a 3PRLP and partner with them. Krumwiede and Sheu (2002) show a particular model 
fo
Also, Meade and Sarkis (2002) develop a model for selecting and evaluating 3PR
model does not represent a tool for determining whether or not to outsource RL activities, but it helps in 




  11 
not really prepared to effectively address these service needs due to the lack of knowledge of RL 
networks (Dowlatshahi, 2000). 
 
The decision on whether or not to outsource depends on several elements. Rao and Young (1994) explain 
the critical factors that influence the outsourcing decision for logistics functions. However, the particular 
factors to be considered in RL systems are graphically described in Figure 5. 
 
Factors to consider when following an outsourcing strategy for a RL system: 
•Amount of products managed by the firm. 
•Characteristics of these products (sales volume, life cycle). 
•Does the firm consider RL as part of its core activities?  
•Is the firm’s forward logistics system designed for RL system? (inbound RL costs). 
. 
•Required customer service (difficult returns processes decrease customer satisfaction & retention). 
•Risk & control on the RL chain. 
•Importance of the information reliability in order to make rapid business decisions
Should the firm 





Figure 5. The ou
nt elements n
 One of the m
ns. When th
tsourcing decision process for a RL System 
 
As it can be identified in this figure, differe eed to be considered when an outsourcing 
strategy is going to be taken for a RL system. ost important issues is to define if the firm 
considers RL activities as part of its core functio is is not the case, outsourcing might represent 
a good alternative in order to allow the firm to “focus” on its core activities. 
 
Also, the co anaging a returned item is one of the most important factors when choosin w to 
dispose of it, e price to be received for it, if such a price exists. As stated in the ious 
sections of this document, these factors will differ according to the scenario where the RL system can be 
classified.The relative importance these elements vary between companies, depending on its size, 
characteristics, products manufactured, man
vested in these activities will be a critical issue too. 
Scenario: Products identified: Existing 3PRLP: 
st of m
as well as th
g ho
prev
ager’s strategies and goals, etc. The amount of money 
in
 
Considering the proposed categorization of RL systems, some existing 3PRLPs for each scenario are 
identified in Table 4: 
 
3 Pharmaceuticals USF Processors 












7 Cellular Telephone Reuse. 
Electronics & Computers 
ReCellular, Inc. 
SSI Supply-Chain Services 
 







Table 4. Existing 3PRLP for some scenarios. 
 
As it can be identified in this table, som  of the most importa ed in scenarios 6 and 7. 
The reason behind this situation is precisely identified by t n stated in this document. 
Due to the extremely high variability in the rate of returns fo anaged in these RL systems, 
it is not nomically feasi velop i ities to deal with that flow, 
given that the amount of un  signifi e, and the required 
capacity will be changing con of thi  the life cycle for 
this type of products is extremely short, which requires qu ely decisions for these RL 
systems, in order to efficiently respond to such changing cond  effectively be accomplished 
by involving a 3PRLP, which specializes in these activities, f the economies of 
scale to convert RL functions in a profit-creating activity into
 
ount of returns, a 
haracterization of RL networks was proposed in this document. The convenience of using this 
rns in each scenario? What kind of policies 
ould be designed to maximize the actors’ profit and minimize the return rate in each scenario? What 
nage the entire process in each scenario? 
of the product’s life cycle and 
e variability in the rate of return per period. The product’s decreasing price through time (as a 
eferences 
Logistics Management. Vol. 27. No. 5-6. pp. 337-349. 
4. Dowlatshahi, S. (2000). “Developing a Theory of Reverse Logistics”. Interfaces. Vol. 30. No. 3. pp. 
143-155. 
e nt 3PRLPs are locat
he characterizatio
r the products m
 eco ble at all for a firm to de
e
ts own RL facil
its to be returned will b
stantly. The complexity 
cantly uncertain over tim
ases whens situation incre
dequatick but a
itions. This can
and can take advantage o
 the closed-loop chain. 
On the other hand, the rest of the scenarios do not present several 3PRLPs for their RL systems, given 
that the life cycle for its products and the variability on its returns allow the firm (in most cases and at a 
certain extent) to develop its own facilities to deal with this flow, even RL may not be part of its core 
activities. The relatively low uncertainty on the amount of returns, and the longer time periods for 
planning, developing and implementing RL systems, allow these firms to implement their own RL 
systems without a particular need for another party involved. 
 
Conclusions and Future Research 
RL is a considerable improvement area for any firm when focused correctly. By considering two critical 
factors, the length of the product’s life cycle and the variability in the am
c
categorization to analyze every RL channel was also shown, as well as the categories where some of the 
most important RL networks in the U.S. market can be classified. Finally, some 3PRLPs that actually 
offer their services in some of the proposed scenarios were also described. 
 
Some of the future work based on this categorization should answer the following questions: What is the 
most efficient business process design for dealing with the retu
sh
kind of RL network is required to ma
 
A Markov Decision Model (MDM) for RL systems is being developed, which will be a tool when taking 
the decision of whether or not to outsource the RL functions to a 3PRLP under some of the scenarios 
described in this document.  This MDM will be able to be applied to a firm that manufactures a defined 
set of products and faces the problem of managing the RL flow for all of them. Some scenarios 
considered in this categorization will be analyzed, according to the length 
th
consequence of its life cycle length) will also be considered. The expected results will show under which 
conditions it is economically desirable to follow an outsourcing strategy, and which will be the expected 
economic advantage by following this option in comparison with performing the activities internally. 
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